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SOLAR INTERPLANETARY STUDY 

INTRODUCTION 

This  i s  t he  f i n a l  r e p o r t  o f  t h e  S o l a r  I n t e r p l a n e t a r y  Study. The 

ensuing paragraphs review t h e  contents o f  p rev ious  q u a r t e r l y  r e p o r t s ,  

p resent  graphs o f  f l a r e  index, summarize the  m a t e r i a l  on the  p ro ton  f l a r e  

p e r i o d  of J u l y  1966, discuss the prospects f o r  p u b l i c a t i o n ,  and c lose  by 

l i s t i n g  some supplementary f i g u r e s  o f  working q u a n t i t i e s  graphed as p a r t  

o f  the study. 

The main t h r u s t  of t h e  f i n a l  r e p o r t  p e r i o d  was centered around 

attendance a t  the Pro ton  F l a r e  P r o j e c t  symposium h e l d  28, 29 J u l y  i n  

London as p a r t  o f  t h i s  y e a r ' s  COSPAR meeting. 

t h a t  i t  would be imposs ib le  f o r  Ames t o  supply a d d i t i o n a l  Exp lo re r  33 

magnetometer da ta  t o  a l l o w  expansion o f  t h e  s t a t i s t i c a l  p i c t u r e  o f  f i e l d -  

magnetic index c o r r e l a t i o n  t o  a p u b l i s h a b l e  r e s u l t ,  l e t  a lone t o  j u s t i f y  

examinat ion o f  more s u b t l e  c o r r e l a t i o n s  than t h a t  presented by t h e  index. 

An e f f o r t  was t h e r e f o r e  made t o  acqu i re  enough da ta  on t h e  p ro ton  f l a r e  

p e r i o d  t o  y i e l d  substance o f  a less s u p e r f i c i a l  na ture ,  by c o n t a c t i n g  

d i r e c t l y  t h e  s o l a r  exper ts  p a r t i c i p a t i n g  i n  t h e  PFP and by examining t h e  

da ta  presented by them. 

I t was c l e a r  by e a r l y  J u l y  

A paper presented a t  t h e  PFP cover ing  some o f  t he  data ob ta ined by 

Exp lo re r  33's second magnetometer (Ness -- and Tay lo r ,  1967) , conf i rmed the  

expec ta t i on  t h a t  i t  was t o o  l a t e  f o r  p u t t i n g  toge the r  a s u p e r f i c i a l  sum- 

mary o f  the observa t ions  and t h a t  somewhat deeper research w i l l  be r e q u i r e d  

t o  produce a pub l i shab le  document. E f f o r t s  made i n  t h i s  d i r e c t i o n  a re  

descr ibed i n  the  r e p o r t .  
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TOPICS COVERED BY QUARTERLY REPORTS 

The following l i s t  reviews b r e i f l y  the material presented in  the 

quar te r ly  repor t s ,  f o r  convenient reference.  

1 ,  2 ,  3, and 4. 

The reports  a re  designated 

A.  Planetary magnetic index a and principal geomagnetic storms P 
(graphs).  

15 July 1965 - 1 July 1966 ....... . 1 

1 July 1966 - 30 Sept 1966 ... .... 2 

20 Sept 1966 - 31 Dec 1966 ........ 3 

10 Dec 1966 - 30 April 1967 ...... 4 

B. S i x  27-day cycle averages of a b e g i n n i n g  15 July 1965. 
P’  

First 13 cycles ,  through 1 July 1966 ................ 1 

3-1/2 cycles 1 July 1966 - 30 Sept 1966 ............. 2 

3 cycles 20 Sept 1966 - 31 Dec 1966 ................. 3 

S l igh t ly  over 4 cycles 10 Dec 1966 - 30 April 1967 .. 4 

Non-overlapping 6-cycle averages 
15 July 1965- 30 April 1967 ......................... 4 

C.  Discussion of cyc l i c  events,  6-cycle averages, and predicted 

events ....................................................... 1 ,  2 ,  4 

D .  Discussion o f  s o l a r  a c t i v i t y ,  July 1966 .......... 1 ,  2 ,  3 

2 ,  3 

3 

Flare Index  (graphs) 

Plages (graphs) 

Pro ton  f l a r e  o f  7 July 1966 .................. 3 

. . . . . . . . . . . . . . . . . . . . . . . . . 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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E. Interplanetary field, July 1966 

Field predictions (discussion and graphs) ........ 2, 3 

Explorer 33 data (discussion) .................... 2, 3 

Explorer 33 data, graph o f  magnitude percentiles, 
............................... comparison with a 3 P 

....................... High extremes o f  magnitude 4 
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FLARE INDEX 

F igures  1 th rough 7 d i s p l a y  a three-hour  v e r s i o n  o f  t h e  index  o f  

f l a r e  a c t i v i t y  descr ibed by Sawyer (1967). 

months o f  t h e  second h a l f  of 1966, J u l y  through December. 

t e d  on a l i n e a r  s c a l e  designed t o  emphasize l a r g e  events and suppress 

t h e  genera l  f l a r e  background a c t i v i t y .  

The graphs cover  t h e  s i x  

They a r e  p l o t -  

F igures 8 through 14 again show the  f l a r e  index,  b u t  t h i s  t ime  on 

an expanded l i n e a r  s c a l e  which takes t h e  l a r g e  events o f f  s c a l e  a t  t he  

top,  b u t  b e t t e r  e x h i b i t s  t h e  r i s e  and f a l l  o f  t he  general background a c t i -  

v i t y  l e v e l .  

Comparison o f  t h e  J u l y  66 f l a r e  index  w i t h  Exp lo re r  33 f i e l d  magni- 

tude ( 3 r d  q u a r t e r l y ,  F ig .  10) a l l o w i n g  a s tandard two-day, sun-ear th  

de lay,  shows t h a t  F ig .  1 p rov ides  a b e t t e r  q u a l i t a t i v e  c o r r e l a t i o n  than 

F ig .  8, making t h e  prospects  f o r  c o r r e l a t i o n  hopefu l  and co r robo ra t i ng ,  t o  

some ex ten t ,  the  r e s u l t s  o f  Greenstadt and Moreton (1962). The unknown 

t h e  accumulat ion o f  

r e s u l t  can be pro-  

on. 

e de lay  t imes which apply, however, make 

s t a t i s t i c s  necessary be fore  a d e f i n i t i v e  

h i s  i s  d iscussed f u r t h e r  i n  a l a t e r  s e c t  

and va r iab  

a d d i t i o n a l  

nounced. 

I 
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THE PROTON FLARE SYMPOSIUM 

The f i r s t  symposium on t h e  1966 Pro ton  F l a r e  P r o j e c t ,  h e l d  as p a r t  

o f  t h i s  y e a r ' s  COSPAR meet ing i n  London, on 27-28 J u l y ,  demonstrated t h e  

g r e a t  va lue o f  s t u d y i n g  i n t e n s i v e l y  a s i n g l e  event w i t h  wide coverage, 

cont inuous observat ion,  and d iverse  ins t rumenta t ion .  

van t  t o  t h e  Exp lorer  33 magnetometer measurements, t o  the  s u b j e c t  c o n t r a c t  

o f  t h i s  and prev ious  r e p o r t s ,  and t o  t h e  associated j o i n t  Ames-TRW study,  

i n c l u d e  d e t a i l e d  s o l a r  photospher ic and chromospheric observat ions and 

concur ren t  measurements by p a r t i c l e  d e t e c t o r s  f rom s a t e l l i t e s  and b a l -  

loons. O f  p a r t i c u l a r  i n t e r e s t  were: 

I n f o r m a t i o n  r e l e -  

1. Friedman's superimposed ground and sate1 1 i t e  e c l i p s e  photos 

showing a coronal  streamer, and, by i m p l i c a t i o n ,  the  c o r o t a t i o n  zone, ex- 

tend ing  t o  15 R e  ( a c t u a l l y ,  an I Q S Y  r e s u l t ) ;  

2. M u s t e l ' s  d e n i a l  o f  t h e  ex is tence o f  a general  s o l a r  d i p o l e  

f i e l d ,  which he rep laced by i n d i v i d u a l  f l u x  tubes; 

3. Saverny's b e a u t i f u l  diagrams o f  e l e c t r i c  c u r r e n t  systems 

i n  a c t i v i t y  centers;  

4. L i n ,  Kahler, and Roe lo f ' s  (1967) observat ions o f  p r o t o n  and 

e l e c t r o n  f l u x ;  

5. Lazarus'  r e p o r t  descr ib ing  s o l a r  wind v e l o c i t i e s  d u r i n g  t h e  

p r o t o n  f l a r e  i n t e r v a l ;  

6. T a y l o r ' s  account o f  s imultaneous i n t e r p l a n e t a r y  magnetic 

f i e l d  observat ions by Exp lorers  28, 33, and Pioneer 6 (Ness -- and Tay lo r ,  

1967) ; 
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7. P f o t z e r ' s  a n a l y s i s  o f  h i g h  l a t i t u d e  b a l l o o n  p ro ton  obser- 

v a t i o n s  ( H e r i s t c h i  -- e t  a l . ,  1967). 

Some o f  t he  m a t e r i a l  presented was documented i n  p r e p r i n t  form, b u t  

most was no t .  

t a i n a b l e  a re  a t tached t o  t h i s  r e p o r t .  

and development o f  r e g i o n  8362. 

Dup l i ca tes  o f  two p r e p r i n t s  which may n o t  be r e a d i l v  ob- 

One o f  them summarizes t h e  b i r t h  

The coopera t ion  o f  Mrs. Helen Dodson Pr ince  o f  McMach Hu lbe r t  Ob- 

se rva to ry  and of Mme. P ick  of Meudon was sought i n  t r y i n g  t o  l o c a t e  the  

source bo th  of i n d i v i d u a l  events  i n  t h e  Exp lo re r  33 J u l y  66 da ta  and o f  

t he  general d i f f e r e n c e  i n  background l e v e l  o f  t h e  i n t e r p l a n e t a r y  f i e l d  

between e a r l y  and l a t e  J u l y .  Discuss ions w i t h  t h e  above named a t  t he  PFP 

meet ing were fo l l owed  up by l e t t e r s  and, i n  t h e  case o f  Mrs. Pr ince ,  a l s o  

by telephone. 

t h e  f i g u r e s  shown on h i s  s l i d e s ,  and he agreed t o  send them. 

t h i s  i s  w r i t t e n ,  Lazarus '  r e p l y  has n o t  been received.  Mme. P ick  has res-  

ponded by l e t t e r ,  sending a c h a r t  o f  3 cm s o l a r  emiss ion f o r  J u l y  66 and 

a l i s t  of minor  f l a r e s  observed i n  reg ion  8408, which she f e e l s  may be res-  

pons ib le  f o r  t h e  enhanced a c t i v i t y  o f  l a t e  J u l y .  

t h i s  m a t e r i a l  has been made y e t .  

I n  a d d i t i o n ,  a request  was made o f  Lazarus f o r  copies o f  

A t  t h e  t ime 

No f i n a l  e v a l u a t i o n  o f  

The response o f  Mrs. Pr ince,  i n  a l ong  telephone conversat ion,  was 

a s t i f f  dose o f  skept ic ism,  which I do n o t  e n t i r e l y  share, f o r  t h e  pros-  

pec ts  o f  c o r r e l a t i n g  i n d i v i d u a l  i n t e r p l a n e t a r y  d is tu rbances  w i t h  i n d i v i -  

dual  s o l a r  f ea tu res ,  and l i t t l e  encouragement a t  a l l  o f  any hope f o r  
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q u a n t i t a t i v e  c o r r e l a t i o n  of f i e l d  magnitudes, e s p e c i a l l y  i n  view o f  t h e  

smal l  s t a t i s t i c  represented by the Exp lorer  33 graph o f  J u l y  da ta  on ly .  

It was the  o p i n i o n  o f  M r s .  Pr ince,  however, as w i t h  Mme Pick,  t h a t  enhanced 

s o l a r  a c t i v i t y  a f t e r  21 J u l y ,  p a r t i c u l a r l y  i n  r e g i o n  8408, must have been 

r e s p o n s i b l e  f o r  t h e  comparative increase i n  t h e  i n t e r p l a n e t a r y  f i e l d ' s  base 

l e v e l  a t  about the  same t ime, and t h a t  t h e  apparent widespread increase i n  

m o t t l i n g  o f  t h e  sun by photospher ic magnetic f i e l d  reg ions,  shown i n  

Howard's M t .  Wilson magnetograms, was n o t  an e f f e c t  o f  M t .  Wi lson 's  seeing 

c o n d i t i o n s ,  b u t  represents  a r e a l  phenomenon on t h e  sun. 

The above i n f o r m a t i o n ,  together  w i t h  t h a t  o f  t h e  Fraunhofer s o l a r  

maps and the  da ta  t o  be prov ided by Lazarus, w i l l  be combined w i t h  t h e  M t .  

Wi lson diagrams i n  the  near f u t u r e  t o  y i e l d ,  i t  i s  hoped, a more sanguine 

prospect  of c o r r e l a t i o n  than t h a t  a n t i c i p a t e d  by Mrs. Pr ince .  
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FUTURE PROSPECTS 

The j o i n t  study of s o l a r  i n t e r p l a n e t a r y  phenomena, t o  which r e -  

sources o f  bo th  Ames and TRW have been c o n t r i b u t e d ,  has as i t s  a im t h e  

p u b l i c a t i o n  o f  research r e s u l t s .  

o f  p r o v i d i n g  r e p o r t s  s u i t a b l e  f o r  p u b l i c a t i o n  are:  

Topics which may be regarded as capable 

1. O v e r a l l ,  l a r g e l y  q u a l i t a t i v e ,  comparison o f  i n t e r p l a n e t a r y  

f i e l  d , p l  anetary  index , and so l  a r  parameters , i n c l  u d i  ng v e c t o r  f i  e l  d 

c h a r a c t e r i s t i c s  such as e c l i p t i c  o r i e n t a t i o n  o f  s torm f i e l d s .  

2. S t a t i s t i c a l  s t r u c t u r e  o f  t h e  i n t e r p l a n e t a r y  f i e l d  samples over  

var ious  synopt ic  (averaging)  t i m e  i n t e r v a l s .  

3. D e t a i l e d  behavior  o f  i n t e r p l a n e t a r y  f i e l d  d u r i n g  the  J u l y  7-10 

per iod ,  i n c l u d i n g  elapsed-t ime s tud ies  between Exp lorer  33, Vela 3A and 

B y  and t h e  e a r t h ' s  sur face.  

4. General search f o r  o r i g i n  o f  i n t e r p l a n e t a r y  f i e l d  e f f e c t s  i n  

s p e c i f i c  s o l a r  f e a t u r e s .  

5. D i r e c t  t e s t  of K r i m i g i s  s o l a r  p r o t o n  d i f f u s i o n  model by examina- 

t i o n  o f  i n t e r p l a n e t a r y  f i e l d  i r r e g u l a r i t i e s .  

The f i r s t  two i tems above are  s t r a i g h t f o r w a r d  and t h e  b a s i c  ground- 

work f o r  them i s  complete, some o f  i t  having been inc luded i n  t h e  3 r d  Quar- 

t e r l y  o r  g iven  t o  Ames separate ly  as s l i d e s  f o r  t h e  A p r i l  AGU meeting. The 

o n l y  requirements f o r  a pub l i shab le  r e p o r t  a r e  an ex tens ion  o f  the  graphs t o  

a t  l e a s t  two more months o f  i n t e r p l a n e t a r y  data,  t o g e t h e r  w i t h  graphs o f  the  

v e c t o r  components, and t h e  d is regard  o r  de lay o f  t h e  Goddard magnetometer 

group i n  r e p o r t i n g  t h e  same th ing .  

and January have been requested f rom Ames. 

A d d i t i o n a l  p e r c e n t i l e  data f o r  December 
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The t h i r d  i t e m  r e q u i r e s  graphs o f  Exp lo rer  33 ' s  i n d i v i d u a l  measure- 

ment p o i n t s  f o r  t h e  p e r i o d  mentioned, which have a l s o  been requested f rom 

Ames. 

I t e m  4 r e q u i r e s  plasma v e l o c i t i e s  and, p o s s i b l y ,  data cover ing  more 

than j u s t  J u l y  1966. A p i l o t  examination o f  t h i s  t o p i c  i s  underway. 

The s u b j e c t  o f  i t e m  5 should be r e a d i l y  a c c e s s i b l e  t o  study, begin- 

n i n g  w i t h  the  i n t e n s i v e  p a r t i c l e  measurements o f  7-10 J u l y  66 and t h e  da ta  

requested f o r  i t e m  3. 
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CONCLUDING REMARKS 

! 

The sun, i n  e a r l y  J u l y  1966, t i l t e d  i t s  n o r t h  p o l e  2" toward the  

e a r t h  so t h a t  t h e  e a r t h ' s  subsolar  p o i n t  was a t  h e l i o g r a p h i c  l a t i t u d e  + 2 " .  

The a c t i v e  centers  i n  J u l y  were a t  h e l i o g r a p h i c  l a t i t u d e s  e i t h e r  between 

15 and 40"N o r  below 20"s. 

f o r  the  J u l y  7-9 events was a t  34"N. 

8362 produced e f fec ts  a t  t h e  e a r t h  i s  accepted by s o l a r - t e r r e s t r i a l  ex- 

p e r t s .  

t r a n s i e n t  and f l a r e  plasma symmetr ica l ly  d i s t r i b u t e d  around t h e  he1 i o -  

c e n t r i c  locus of 8362, then we must accept  an e f f e c t i v e  l a t i t u d i n a l  beam 

h a l f - w i d t h  a t  t h e  e a r t h  o f  a t  l e a s t  32". Since most centers  d u r i n g  J u l y  

were no f a r t h e r  f rom t h e  sun's equator than 8362, and many were c l o s e r ,  

i n c l u d i n g  t h e  very  few i n  t h e  southern hemisphere, we should n o t  be sur -  

p r i s e d  i f  t h e  i n t e r p l a n e t a r y  medium sampled by Exp lorer  33 e x h i b i t e d  t h e  

i n f l u e n c e  o f  most a c t i v i t y  centers,  o r  most magnetic emission reg ions,  

whatever they  migh t  be. I f  the  s o l a r  emission r e s p o n s i b l e  f o r  i n t e r p l a n e -  

t a r y  magnetic t r a n s i e n t s  i s  n o t  p l a g i c e n t r i c a l l y  r a d i a l ,  o r  i s  asymmetric, 

then t h e  p a t t e r n  o f  events witnessed by E x p l o r e r  33, o r  any o t h e r  probe 

near t h e  ear th ,  w i l l  n o t  y i e l d  one-to-one c o r r e l a t i o n s  and w i l l  be d i f f i c u l t  

t o  analyze, al though, w i t h  c a r e f u l  a t t e n t i o n  t o  s o l a r  f e a t u r e s ,  may y i e l d  

some q u a l i t a t i v e  in fo rmat ion  on s o l a r  emission. 

The major center ,  tkl4ath 8.?62, respons ib le  

That t h e  p r o t o n  f l a r e  o f  7 J u l y  i n  

I f  we assume " p l a g i c e n t r i c "  r a d i a l  emission o f  bo th  enhanced non- 

The key t o  un lock ing  d e t a i l e d  i n f o r m a t i o n  1 i n k i n g  s p e c i f i c  s o l a r  

f e a t u r e s  t o  i n t e r p l a n e t a r y  magnetic e f f e c t s  i s  s o l a r  wind v e l o c i t y ,  which 
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must be used t o  es t imate  t h e  approximate t ime a t  which e f f e c t i v e  coro- 

t a t i o n  ceased and s o l a r  wind expansion began. 

c a n t  s o l a r  f e a t u r e  i s  t o  be found under t h e  locus  corresponding t o  t h e  

a p p r o p r i a t e  expansion p o i n t  w i l l  depend on whether t h e  t ime f o r  thermal 

plasma, o r  conduct ive e f fec ts ,  t o  r i s e  t o  t h e  p o i n t  f rom the  chromosphere 

exceeds t h e  l i f e t i m e  of t h e  associated fea tu re .  A t  any r a t e ,  i t  appears 

now as i f  i t  w i l l  be some t ime  before t h e  problem o f  q u a n t i t a t i v e  s o l a r -  

i n t e r p l a n e t a r y  c o r r e l a t i o n  i s  f i n a l l y  reso lved.  I t  i s  hoped t h a t  t h e  

m a t e r i a l  s t i l l  t o  be rece ived  from Ames, MIT, Lockheed, and o t h e r  sources, 

and the e v a l u a t i o n  of t h i s  ma te r ia l ,  a long w i t h  t h a t  supp l i ed  by Meudon, 

McMath, M t .  Wilson, and t h e  l i t e r a t u r e  o f  concur ren t  s a t e l l i t e  and ground 

observat ions,  w i l l  y i e l d  some concrete new i n f o r m a t i o n  on t h e  d i s t a n t  mag- 

n e t i c  e f fec ts  o f  s o l a r  plages, prominences, and f l a r e s .  

Whether o r  n o t  a s i g n i f i -  
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SUPPLEMENTARY FIGURES 

The f o l l o w i n g  work ing graphs a r e  i n c l u d e d  w i t h  t h i s  r e p o r t  t o  

complete the  Exp lorer  33 m a t e r i a l  used i n  t h i s  study. 

F i g u r e  15. Some s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  the  three-hour  

accumulat ion o f  i n t e r p l a n e t a r y  f i e l d  data.  

F igure  16. Three-hour synopt ic  v e c t o r  behavior  o f  i n t e r p l a n e t a r y  

f i e l d  data.  
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Figure 15. Some statistical characteristics o f  Explorer 33 three-hour 
interplanetary field distributions. 
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Figure 16. Time behavior of Explorer 33 three-hour mean f i e l d  vectors. 



PROTON n A R E  O F  JULY 7 t h  1966 NlD THE i lSS0C1~i 'E l )  

A C T I V E  R E G I O N  ON THE SUN 

ON 'THE DEVELOPMENT O F  THE ACTI'VE HEGIOP: 

SUMMARY BY N . J .  MAIITXES AND I". PICK (?;eu.don Obse rva to ry )  

With t h e  c o l l a b o r a t i o n  of C .  P O P O V I C I  and A. DIEXT;3IU,  T. FCZI?II 'I  me 
M, T O R E L L I ,  L .  D E Z S 6  and P.S. M c  I i JTOSH,  M.11. GITEVISHEV and Mrs 
GlJEVYSHEVA, J .  L.  L E R O Y  and J .  SYK3rlA, J .  T&I;JIKA, I'. K l l K I Y J 2 i . i  and 

S.  ENOME, H. FRIEDMAN and 1X.W. K W P L I N .  

The s o l a r  r e g i o n  r e s p e c t i v e l y  named by Mount Siilsoii Observa-- 

t o r y ,  Mc Math Obse rva to ry  ar,d Meizdon Obse rva to ry  .LS 2103,,, 2362 m d  

1505 1 5 ,  is l o c a t e d  a t  21C 34 3 and i s  r e c o g n i z e d  by all t he  oSs,orvei's 

as being c o n s t i t u t e d  by m m y  e l e m e n t s .  These d i f f e r e n t  e lcrnents  appea r  

s u c c e s s j - v e l 7  i n  t h e  i n t e r v a l  o f  a few hour s .  They a r e  s h 5 f t e d  eas';iiard 

by a few d e g r e e s  i n  l o n g i t u d e  from a l a r g e ,  f a c u l a e  rey ior .  which 3s  

de c r e a s i n g  i n  a r e a  and has  no v i s i b l e  s p o t s  (T. F c r t i n i  - IC. T o r e l l i ) .  

On June 28 ,  the f i r s t  b r ig l i t  g ra i r !  a x i v e d  a t  the same 

t5me as t h e  g e n e r a l  enhancement of t he  p r e e x i s t i n g  calclun: iictworli in 

the r e g i o n .  ~i f e w  h o u r s  before  t h e  appearance  o f  tile second bright 

facular grain ( f i g .  1 )  s e v e r a l  a u t h o r s  have d i s t i n g u i s h e d  a da rk  oval. 

This oval is i n t e r p r e t e d  as  be ing  a cell of supe rg ranu la l i i on  ( F o r t i n i  - 
T o r e l l i  - Mc I n t o s h )  ( I ) .  In agreement  w i t h  t h e  o b s e r v a t j o n s  c:f Bumba 

and Howard ( 2 ) ,  t h e  n e w  a c t i v e  r e g i o n  expands a t  the edge of t h r e e  

connec-tee s u p e r g r a n u l e s  (Nc I n t o s h )  . The secorid b r i g k i t  f a c u l a r  gra i r i  i s  

l o c a t e d  a t  t h e  p l a c e  where the s u n s p o t s  of  June  30 w i l l  appear .  



- 2 -  

Mc I n t o s h  n o t e s  t h a t  t h e  development  i s  marked by t h e  suc- 

c e s s i v e  appearance  of t h r e e  pa& of s u n s p o t s ,  r e s p e c t i v e l y  June  30.5, 

July 1 .5  and J u l y  3.1 . Each p a i r  p r e s e n t s  t h e  normal p o l a r i t y  of  a 

b i p o l a r  group b u t  we can  n o t e  t h a t  t h e  i n c l i n a t i o n  of  e a c h  p a i r  t o  t h e  

m e r i d i a n  i s  abnormal. 

The r e s p e c t i v e  p o s i t i o n s  o f  t h e s e  t h r e e  g roups  a r e  q u i t e  

r emarkab le .  S i n c e  t h e i r  appea racce ,  t h e  s u n s p o t s  c o n s t i t u t e  two r a n g e s  

o f  i n v e r s e  p o l a r i t y .  The g e n e r a l  i n v e r s i o n  l i n e  i s  r o u g h l y  p a r a l l e l  t o  

t h e  e q u a t o r ,  and t h e  wes te rn  f o l l o w i n g  s p o t  i s  close t o  t h e  e a s t e r n  

l e a d i n g  s p o t .  I t  i s  e x a c t l y  a t  t h i s  l o c a t i o n  t h a t  t h e  c l a s s i ca l  fi con- 
f i g u r a t i o n  w i l l  b u i l d  up between July 4 a t  14 h 04 aiid July 5 a t  7 h 55 

( 
v e r s e  p o l a r i t y  i n  t h e  same penumbra ( 3 ) .  The p r o t o n  f l a r e  of  July 7 

w i l l  deve lop  on t h i s  c o n f i g u r a t i o n .  

f i g u r e  2 )  ; t h i s  6 c o n f i g u r a t i o n  i s  c h a r a c t e r i s e d  by s p o t s  of i n -  

I n  fact ,  i f  t h e  6 c o n f i g u r a t i o n  i s  a l r e a d y  v i s i b l e  by J u l y  5 
we must n o t e  t h a t  t h e  h igh  r e s o l u t i o n  photograph  from t h e  &cFe:nenti-, 

Peak Obse rva to ry  shows a t  15.30 a l a r g e  compact umbra f o r  t h e  l i o r t h  

s p o t .  However, t h e  s o u t h  spDt i s  formed by a l a r g e  number of  small 

urrbrae ( f i g u r e  3 ) .  

Between t h e  two o b s e r v a t i o n s  of  July 5 a t  15 .30  UT and 

J u l y  G a t  14.30 UT, t h e  two p redominmt  e l e m e n t s  o f  t h e  act ive r e g i o n  

a t t a i n e d  a s t a t e  of e q u i l i b r i u m .  .‘This s t e p  irithcdcvclopme.r?t_do_e_s_l?o_t_ 

coi’ncide w i t h  t h e  max>mum of t h e  a r e 3  of t h e  group, bu t  r a t h c r  w i t h  t h e  

m , u t i r n u m L f  t h e  oiily s p o t  a r e a  which c o n s t i t u t e s  th? 6 c o n f i g u r a t i o n .  I t  

i s  more p r e c i s l y  c a l l e d  c a n ~ u r a t i o n  because ccpi1ibr;um h a s  been 

a t t a i n e d  - (d ( 

--- -- 
-- -- - --- -- - -.- - - 

--- ---- ---I_-- --. - - -I. - _ I ~  

fi gure_St). 

I t  i s  i n t e r e s t i n g  t o  compare t h i s  r e s u l t  w % t h  t h e  s txdv  of 

C.  Popov ic i  and A .  D i m i t r i u .  They i n d i c a t e  t h a t  on J u l y  3 ,  betwecr8 1 G  UT 
and 1 8  UT, t h e  H b r i g h t  plage t a k e s  a compact and elongated fom. ‘:his 

a s p e c t  t a k e s  p l a c e  j u s t  af ter  t h e  appearance  o f  t h e  t h i r d  ?ai? 9: spots 
U 



and p e r s i s t s  on t h e  fo l lowing  days .  They make j. comparaison betweer: t h e  

e v o l u t i o n  of  sunspo t  and area of  t h e  b r i g h t  p l a g e s  i n  Ha, Popov ic i  nrci 

D i m i t r i u  show t h a t  i n  time the  developments  are n o t  comparable  ; t h e  

m a x i m u m  of t h e  Ha b r i g h t  p l a g e s  i s  r eached  on t h e  6 t h  of  J u l y  and r e -  

mains u n t i l  t h e  m a x i m u m  of sunspot  area ( r o u g h l y  J w l y  g ) .  

We c a n  conclude  t h a t  t h e  f o r m a t i o n  o f  t h e  a p p r o p r i a t e  conf igu -  

r a t i o n  n e c e s s a r y  t o  t h e  p roduc t ion  o f  a p r o t o n  f l a r e  t a k e s  place from a 

f a v o r a b l e  l o c a t i o n  among t h e  s p o t s ,  The A c o n f i g u r a t i o n  w a s  d e f i n i t i v e l y  

b u i l t  up sometime between J u l y  5 and J u l y  6 (14 .32) .  I: a l s o  a p p e a r s  

t h a t  t h e  shape ,  t h e  d i s p o s i t i o n  and a l s o  pe rhaps  t h e  v a r i a t i o n  of  t h e  

b r i g h t n e s s  (Ha p lage  o r  sunspo t s )  i s  r e v e a l i n g  t h e  f i r s t  s t e p  of a pro- 

t o n  f lare.  They comple te  t h e  i n d i c a t i o n  g iven  by t h e  o p t i c a l  morphology 

and t h e  magne t i c  c o n f i g u r a t i o n ,  

The f i n e  s t r u c t u r e  of the  group i n  wh i t e  l i g h t  arid more p r e c i s e l y  

o f  t h e  c e n t r a l  p o r t i o n  appears  remarkable  beg inn ing  on J u l y  5 .  i5c I n t o s h  

n o t e s  t h a t  ten h o u r s  b e f o r e  the  f l a r e ,  t h e  penumbra between t h e  two s p o t s  

becomes unusually da rk .  

Popovic i  and D i m i t r i u  a l s o  p o i n t  o u t  t h a t  1 2  hour s  befc.r-. the _. 
p r o t o n  f l a r e  t h e  p l age  e x h i b i t s  two b r i g h t  f i l a m e n t s  which have a sym- 

metrical  d i s p o s i t i o n  w i t h  respect t o  t h e  axe of  t h e  group and j u s t  c w e r  

t h e  penumbra o f  t h e  two r anges  o f  s p o t s  ( f i g  5 ) .  

-- 

I n  a d d i t i o n ,  d u r i n g  the  twelve  hour s  p r e c e d i n g  t h e  p ro ton  flare 

Mrs, Prince-Dodson r e p o r t s  a con t inuous  p r o d u c t i o n  of  small f l a r e s  w i t h  

i n c r e a s i n g  a r e a  from one s u b f l a r e  t o  t h e  f o l l o w i n g  one. She a l s o  r e p o r t s  

mot ions  o f  abso rb ing  material  c l o s e r  and c l o s e r  t o  t h e  l a r g e  s p o t  o f  

Nor th  p o l a r i t y .  

Each of t h e s e  fac ts  a r e  i n d i c a t o r s  o f  a p r e p a r a t i o n  of t h e  a c t i v e  

r e g i o n  which s tar ts  about  from J u l y  3 ,  b u t  i s  s u d d e n t l y  a c c e l a r a t e d  

twelve  hours  be fo re  t h e  f l a r e .  
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Very rough ly  , i t  seems t h a t  we can  d i s t i n g u i s h  two phases  ir: t h e  

development of  t h e  a c t i v e  r e g i o n  b e f o r e  t h e  p r o t o n  f l a r e .  The f i r s t  

phase  l e a d s  t o  t h e  fo rma t ion  of t h e  a p p r o p r i a t e  s t r u c t u r e ,  whereas  t h e  

second phase ,  which b e g i n s  somewhere between t h e  5 t h  and 6 t h  of  J u l y  i s  

t h e  e l a b o r a t i o n  of  t h e  p r o t o n  f l a r e  i t s e l f .  

T h i s  c o n c l u s i o n  i s  r e i n f o r c e d  by  t h e  e v o l u t i o n  of  t h e  o p t i c a l  and 

r a d i o a c t i v i t y  of  t h e  group. The number of  b u r s t s  observed  i n  t h e  c e n t i -  

metric and decimetric domain is s t r o n g l y  i n c r e a s i n g  J u l y  6 ( f i g u r e  5 ) .  

Let u s  now look a t  t h e  e v o l u t i o n  of t h e  active c e n t e r  a t  r a d i o  

wavelengths .  F igu re  7 showsthe 9.1 c m  s p e c t r i h e l i o g r a m s  f o r  J u l y  3 and 

July 6 ( S t a n f o r d ) .  

According t o  d i f f e r e n t  o b s e r v a t o r i e s ,  t h e  r a d i o  emis s ion  respon-  

s i b l e  f o r  t h e  s lowly  v a r y i n g  component i s  observed  a t  c e n t i m e t r i c  and 

d e c i m e t r i c  wavelenghts  beginning  t h e  2nd or 3 r d  of  J u l y  (Tanaka-Kakinuma 

and Enome). That day rough ly  co r re sponds  t o  t h e  f i rs t  appearance  o f  t h e  

s u n s p o t s .  For each  r ad io f requency ,  we c a n  n o t e  t h a t  t h e  g e n e r a l  evolu-  

t i o n  of t h e  r a d i o f l u x  i s  t h e  same as t h e  e v o l u t i o n  of  t h e  sunspo t  area. 

The comparaison between f i g u r e s  ( 4 )  and f i g u r e s  ( 8 )  shows t h a t  

t h e  f l u x  i s  i n c r e a s i n g  as t h e  t o t a l  s p o t - a r e a  up t o  t h e  8 t h  of  J u l y  and 

i s  r a p i d l y  d e c r e a s i n g  on t h e  f o l l o w i n g  days.  

X e v e r t h e l e s s  t h e  shape of  t h e  r a d i o  spec t rum s h i f t s  t o  h i g h e r  

f r e q u e n c i e s  d u r i n g  t h e  l i f e  of t h e  active c e n t e r ,  F igu re  ( 9 )  shows t h a t  

u n t i l  t h e  4 . 5 t h  of  J u l y ,  w e  observe t h a t  t h e  f l u x  d e n s i t y  d e c r e a s e s  w i t h  

i n c r e a s i n g  f r e q u e n c y  between 4 GHz  end 9.4 GHz. That co r re sponds  t o  t h e  

spectral  shape exh ibed  f o r  the  m a j o r i t y  of  t h e  active c e n t e r s  ( 5 ) .  12 

sudden o n s e t  of  t h e  f l u x  which i s  e s p e c i a l l y  marked a t  about  9.4 GHz 

t a k e s  p l a c e  between t h e  4 .5 th  and 5 . 0 t h  of  J u l y .  So i n  t h e  4 G H z  - 9.4GHz 

f r e q u e n c y  i n t e r v a l ,  t h e  spectrum becomes r e l a t i v e l y  f l a t  (Tanaka - 
Kakinwna and Enome). T h i s  f e a t u r e  i s  t h i s  r e p o r t e d  by Tanaka and Kakinwna 

( 7 )  f o r  t h e  active c e n t e r s  producing p r o t o n  e m i s s i o n s  or t y p e  IV bursts. 

I 
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More p r e c i s e l y ,  t h i s  f e a t u r e  of t h e  h i g h  f r e q u e n c y  r a d i a -  

t i o n  i s  v e r y  l i k e l y  a s s o c i a t e d  w i t h  a change of t h e  magnet ic  s t r u c t u r e  

r a t h e r  t h a n  an enhancement of t h e  sunspo t  a r e a  (8 ) .  

Indeed ,  we fo rmer ly  r e p o r t e d  t h a t  impor t an t  changes h o p -  

t i ca l  a s p e c t  take p l a c e  between t h e  4 t h  and 5 t h  o f  July, which l e a d  

t o  t h e  classical  c o n f i g u r a t i o n  of t h e  p ro ton  c e n t e r s .  

T h i s  fact  is c l e a r l y  seen  on f i g u r e  (re) whe?e we have 

g a t h e r e d  t o g e t h e r  t h e  d a t a  concern ing  t h e  e v o l u t i o n  of t h e  f l u x  a t  

d i f f e r e n t  f r e q u e n c i e s  and t h e  e v o l u t i o n  of t h e  sunspo t  a r e a .  For t h e  

f r e q u e n c i e s  e q u a l  o r  s h o r t e r  t h a n  4 G H z  t h e  r a d i o  development i s  si- 

milar t o  t h e  o p t i c a l .  On t h e  o t h e r  hand a t  9.4 GHz we observe  a d i s -  

c o n t i n u i t y  on J u l y  5. The theo ry  of t h e  s lowly  v a r y i n g  component shou ld  

ta.':e t h i s  p e c u l i a r i t y  of the high f r e q u e n c y  r a d i a t i o n  i n t o  c o n s i d e r a -  

t i o n .  

Let u s  now c o n s i d e r  t h e  r e s l u t s  of t h e  X r a y  d a t a .  I t  i s  

i n t e r e s t i n g  t o  n o t e  t h a t ,  on J u l y 4 ,  K F r i e d m a n  and R .  W. K r e p l i n  obser- 

ve t h e  first i n d i c a t i o n s  of i i i c r c a s i n g  X . X .  emiss ion .  D e s p i t e  t h e  con- 

s i d e r a b l e  v a r i a b i l i t y ,  t h e  flux s t r o n g l y  i n c r e a s e s  a f t e r  J u l y  5.5 . 
This  fact  i s  e a s i l y  seen  an t h e  c u r v e s  c o r r e s p o n d i n g  t o  the 0-F\A and 

8 

0 

- 20; f l u x  ( f i g  lb ) .  

We now t r y  t o  draw some c o n c l u s i o n s  on t h e  g e n e r a l  evo- 

l u t i o n  of t h e  a c t i v e  c e n t e r .  We f o r m q r l y  noted  t h a t  t h e  c e n t e r  r e a -  

ches an a p p r o p r i a t e  s t r u c t u r e  a t  about  J u l y  5. A t  r a d i o  wavelengths ,  

t h i s  s t r u c t u r e  c o r r e s p o n d s  t o  t h e  f o r m a t i o n  of a s p e c i f i c  s p e c t r a l  

shape. 

Beyond J u l y  5 ,  du r ing  t h e  e l a b o r a t i o n  of t h e  p r o t o n  f l a r e ,  

we observe  a s t r o n g  i n c r e a s e  of the r a d i o  and o p t i c a l  a c t i v i t y ,  and 

a l s o  a s t r o n g  enhancement of  the  X.R. flux. 
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Table I summaries t h e  c h i e f  p r o p e r t i e s  of t h e  e v o l u t i o n  

o f  t h i s  c e n t e r .  

To improve ou r  unde r s t and ing  of  t h e  development p reced ing  

a p ro ton  f l a r e ,  i t  would be d e s i r a b l e  i n  t h e  f u t u r e  t o  f o l l o w  c o n t i -  

n u o u s l y  t h e  magne t i c  s t r u c t u r e  and t h e  e v o l u t i o n  of a group j u s t  a f t e r  

t h e  c o n s t i t u t i o n  of  t h c  A o r  6 c o n f i g u r a t i o n .  

U_--. Development of  t h e  r e g i o n  a f t e r  J u l y  7 : 

After cosmic r a y  f l a r e ,  d i f f e r e n t  a u t h o r s  f i n d  a d e c r e a s e  

of sunspo t  area ( 8 ) @ ) .  I n  t h i s  case i n  t h e  f e w  hours  which f o l l o w  

the  f lare  Mc I n t o s h  and E. Sawyer observe  t h a t  t h e  n o r t h e r n  mmber of 

t h e  14 c o n f i g u r a t i o n  becomes c learer  and t h e  cdges  of t h e  umbrae becone 

more s e p a r a t e d .  T h i s  e v o l u t i o n  p roceeds  a t  t h e  same speed d u r i n g  the 

f i r s t  day  and a t  a s lower  speed t h e r e  a f t e r .  The p a r t  where tile p ro -  

t o n  f l a r e  occur red  d e c r e a s e s  a i d  becomes fragmented.  But t he  d a t a  

show t h a t  t h e  t o t a l  sunspo t  area s t i l l  i n c r e a s e s  d u r i n g  t h e  two dajrs 

f o l l o w i n g  t h e  p r o t o n  f l a r e .  This  i s  caused  by t h e  development o f  t h e  

East and West p a r t s  of  t h e  group. 

The r a d i o  e v o l u t i o n  i s  n o t  easy t o  s t u d y  because t h e  c o r -  

r e c t i o n  o f  t h e  f lux  owing t o  t h e  h e l i o g r a p h i c  p o s i t i o n  o f  t h e  a c t i v e  

c e n t e r  i s  n o t  w e l l  known and may be a fu r i c t ion  of f r equency .  I t  a p p e a r s  

t h a t  on J u l y  0 t h e  r a d i o  spectrum s t i l l  p r e s e n t s  t h e  same shape ( f i -  

gu re  9) ' 
The c o r o n a l  d a t a  are d i f f i c u l t  t o  i n t e r p r e t  because the 

active c e n t e r  i s  born on t h e  s o l a r  d i s k  and we have no  l i i format ion  on 

t h e  e v o l u t i o n  of t h e  c e n t e r  whi le  i t  p a s s e s  from t h e  East l i m b  To t h c  

West l imb. One i n t e r e s t i n g  f e a t u r e  i s  t h a t  t h e  maxima or" the i sophc-  

t e s  of  c o r o n a l  l ines  6347 and 5303 are s h i f t e d  toward t h e  North p o l e  

(J .L. Leroy  - M.N. Gnevyshev - Hrs Gnevysheva) . 
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We a r e  i n d e b t e d  t o  t h e  o p t i c a l  and r a d i o  o b s e r v a t o r i e s  f o  A t h h e s  

Arcetr i ,  Algonquin,  B u c a r e s t ,  Debrecen, F l eu r s (Sydney) ,  High A l t i t u d e  

Obse rva to ry ,  Honolulu,  Kls lovodsk ,  I o d a i k a n a l ,  L o m n i t s k y s h i f t ,  Mc Math, 

Man i l a ,  Meudon, Mount Wllson, Nanqay, P i c  du Midi ,  Sacramento Peak, 

S t a n f o r d ,  Tokyo and Toyokawa who have flarnisheci many o r i g i n a l  r e c o r d s  and 

have p a r t i c i p a t e d  a t  t h i s  s tudy .  T h i s  l i s t  i s  c e r t a i n l y  incomple te  and 

we a p o l o g i z e  f o r  any omissions.  We are also i n d e b t e d  t o  t h e  N a t i o n a l  

Re s e a r c h  Labora to ry .  

Through t h e  c h i e f  c o o r d i n a t o r ,  we have r e c e i v e d  t h e  i n t e r e s t i n g  

p a p e r s  of  Mrs Dodson and R. Hedeman, and of Mc I n t o s h  and Plrs Sawyer 

which have been u s e f u l  i n  t h e  p r e p a r a t i o n  of ou r  summary. 

We are g r a t e f u l  t o  D r  Sves tka  and D r  Simon f o r  o r g a n i z i n g  t h e  

P r o t o n  F l a r e  P r o j e c t .  
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LEGENDS OF FIGUES 
---------- 

Fig.$t, g Active Regions i n  K2 and K 3  A : Arcetri Observatory 
IC : Kodaikanal Observatory 

M :Manila Observatory 

- 0  

M W : Mt Wilson Observatory 

P : Paris-Meudon Observatory 
from T. F o r t i n i  and M. Tore l l i ,  

Fig 2 : Drawings of s p o t s  - Approximate p o s i t i o n  i n  longi tude  and 

magnetic p o l a r i t i e s .  
Spectroheliograms KIV Meudon - Magnetic maps Crimea and Meudon. 

Fig 3 : Photographs of Sacremento Peak i n  white l i g h t  from . , 
P. S. Mc In tosh  

Fig 4 : Daily v a r i a t i o n  of areas  = White l i g h t  from Mc I n t o s h  - K l V  

P o l a r i t i e s  North and South from Meudon Observatory. 

Fig 5 : Photograph of Ha from C. Popovici, A. Dimitriu,  

F i g  6 : Daily v a r i a t i o n s  o f  number of f l a w a n d  bur s t s  f rom Kai w i t h  

d a t a  of many observator ies .  

- F l u  : 9.1 cm spec t ro  heliograms f o r  J u l y  3 and J u l y  6 from . . 
R.N. Bracewell (Stanford Observatory) 

F i g  8 : Varia t ions  of flux dens i ty  of t he  S. Component from J. Tanaka 

T ,  Kakinuma and S. Enome w i t h  the  co l l abora t ion  of many obser- 
v a t  o r i  e s 

Fig 9 : Varia t ion  of Spectrum of  t he  S. Component from J. Tanaka, 
T. Eakinuma and S. Enome with the  co l l abora t ion  of many obser- 
v a t  o r i e  s . 



Legends of figures 

Fig 10 : Camparaison between the dai ly  variation of tota l  sunspot 
area and f lux  density a t  centimetric wavelengths. 

F i g  11  : Variation of the X rays emission level from H .  Friedmann 
and R.N. Kreplin (N.  R .  L. Sol rad 8 s a t e l l i t e ) .  
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P F P l  

D r a w i n g s  o f  s p o t s  (1) Approximate p o s i t i o n s  i n  l o n g i t u d e  and m a g n e t i , c  
p o l a r i t i e s  ( 2 ) .  
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PIONEER V I  OBSERVATIONS OF THE SOLAR FLARE 

PARTICLE EVENT OF 7 JULY, 1966 

U .  R .  Rao 

Physical  Kcasearch Laboratory,  Atlmedab,id , India  

K .  G .  McCracken 

Univ(1rsity of Adelaide,  A u s t r a l i a  

R .  P .  Biikata 

Smthwes t  Center f o r  Advanced S t u d i e s ,  D a l l a s ,  Texas 

ABSTRACT 

The s o l a r  f l  qrc e f f e c t s ,  and Forbush de( r c a s e  occurr ing  dur ing  the  

per iod  5-15 J i i l y ,  1 9 6 6 ,  a s  observed by a d e t e c t o r  on the Pioneer V I  space- 

c r a f t  some 4 5 O  away from e a r t h  i n  s o l a r  longi tude ,  a r e  d iscussed .  We 

conclude t h a t  t he  phenomena observed throughout the  i n t e r v a l  a r e  completely 

t y p i c a l  of s o l a r  f l a r e  e f f e c t s :  - -  thus  a non-equi l ibr ium aniso t ropy  was 

observed from the  "garden hose" d i r e c t i o n  a t  e a r l y  t imes ;  a b i - d i r e c t i o n a l  

an iso t ropy  was observed subscquent t o  the onse t  of the Forbush dec rease ;  

and a equi l ibr ium aniso t ropy  due t o  convect ive removal of the  cosmic r ays  

from the  s o l a r  system was observed a t  l a t e  t imes dur ing  the  pe r iod .  We 

i n f e r  t h a t  the v e l o c i t y  of propagation of the  plasma d is turbance  respon- 

s i b l e  f o r  the Forbush decrease was n o t  s i g n i f i c a n t l y  d i f f e r e n t  (2 25%) 

over a range of 45 of he l iographic  longi tude .  0 
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PIONEER V I  OBSERVATIONS OF THE SOLAR FLARE 

PARTICLE EVENT OF 7 JULY, 1966 

U. R .  Rao 

Phys ica l  Research Laboratory,  Ahmedabad, I n d i a  

K .  G.  McCracken 

Univers i ty  of Adelaide,  A u s t r a l i a  

R .  P .  Bukata 

Southwest Center f o r  Advanced S t u d i e s ,  D a l l a s ,  Texas 

1. I n t r o d u c t i o n  

I n  t h i s  paper we p resen t  d e t a i l e d  informat ion  on the  t i m e  dependence, t he  

degree of an iso t ropy  and t h e  s p e c t r a l  composition of cosmic r a d i a t i o n  generated 

du r ing  a s e r i e s  of f l a r e s  which occurred du r ing  t h e  per iod 5 J u l y  - 20 J u l y ,  1966, 

wi th  t h e  major f l a r e  occur r ing  on 7 J u l y ,  L966. The obse rva t ions  presented  h e r e  

were made by a cosmic r ay  d e t e c t o r  on board t h e  Pioneer  V I  s p a c e c r a f t  which was 

launched i n t o  a h e l i o c e n t r i c  o r b i t  on 16 December, 1965. During t h e  per iod  

5 J u l y  - 20 J u l y ,  1966, t h e  spacecraf t  was.at  a d i s t a n c e  of  approximately 0 . 8  A. U .  

from t h e  sun and ' the spacecraf tTsun-ear th  angle  was about 45'. 

Deta i led  d e s c r i p t i o n s  of t he  cosmic r ay  d e t e c t o r  and t h e  techniques used 

t o  s tudy  s o l a r  f l a r e s  a r e  given elsewhere (Bar t l ey ,  McCracken and Rao, 1967A; 

McCracken, Rao and Bukata, 1967). Br i e f ly  t h e  d e t e c t o r  r eco rds  cosmic r a y s  from 

four  d i r e c t i o n s  f o r  each of t h r e e  energy windows of nominal energy 7.5 - 45 Mev 

and 150 - 350 MeV. Each d i r e c t i o n a l  count ing  r a t e  i s  obtained by count ing  the  

pu l ses  from the  d e t e c t o r  wi th  a d a t a  accumulator as  t h e  a x i s  of the  d e t e c t o r  

sweeps out  a f ixed  range of azimuths.  The range of  s p a c e c r a f t  azimuths co r re s -  

ponding t o  each d i r e c t i o n a l  count ing ra te  i s  ind ica t ed  on Figure  1. Since  any 
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d i f f e r e n c e s  i n  t h e  d a t a  corresponding t o  t h e  four  d i r e c t i o n s  w i l l  be a t t r i b u t e d  

t o  the  e x i s t e n c e  of an  an i so t ropy  i n  t h e  cosmic r a d i a t i o n ,  extreme c a r e  has  been 

taken  t o  i n s u r e  t h a t  such d i f f e r e n c e s  do n o t  a r i s e  from unequal accumulation 

t i m e s  i n  t h e  d i f f e r e n t  quadrants .  An accuracy of  b e t t e r  than 2.5 p a r t s  i n  10 

i n  t h e  accumulation time has  been achieved by us ing  a s e l f - c a l i b r a t i n g ,  accu ra t e  

time d i v i d i n g  c i r c u i t  (Bnr t ley ,  ElcCracken and Rao, 1967B) on board t h e  s p a c e c r a f t .  

I n  a d d i t i o n  t o  the  measurement of d i r e c t i o n a l  count ing  r a t e s  descr ibed  above, 

5 

the  i n t e g r a l  coimting r a t e  of a l l  p a r t i c l e s  of energy g r e a t e r  than 7.5 MeV i s  

a l s o  recorcled. T h e  count ing  r a t e  of t h i s  i n t e g r a l  channel  i s  extremely h igh  

(about 130 counts / secnnd) ,  and consequently w e  are  a b l e  t o  record cosmic r a y  

i n t e n s i t y  changes with a very  g r e a t  s t a t i s t i c a l  accuracy.  

2 .  Data Reduction 

A d e t a i l e d  account of the  procedures employed i n  t h e  da t a  r educ t ion  i s  pre-  

sented elsewhere (Bar t ley  e t  a 1  1966, McCracken, Rao and Bukata, 1967). For  

the  a n a l y s i s  presented i n  t h i s  paper ,  d a t a  averaged over  7 .5  minutes  have been 

employed. For each 7.5 minute i n t e r v a l ,  t h e  four  d i r e c t i o n a l  count ing  r a t e s  

f o r  each of t he  energy windows c o n s t i t u t e  a "snapshot" of t he  cosmic r a y  an iso-  

t ropy  f o r  t h a t  p a r t i c u l a r  energy channel.  By f i t t i n g  a s inusoid  t o  each of  t h e  

7 . 5  minute snapshots ,  t he  amplitude A and t h e  d i r e c t i o n  €IA of t h e  an i so t ropy  a re  

obta ined  which provide a q u a n t i t a t i v e  d e s c r i p t i o n  of t h e  cosmic r a y  an i so t ropy .  

Almost cont inuous d a t a  coverage i s  a v a i l a b l e  f o r  t h e  pe r iods  16 December, 1965 

t o  30 A p r i l ,  1966, (Pioneer V I )  and 1 7  August, 1966 - 30 November, 1966 (Pioneer  V I I ) .  

During the  in t e rven ing  per iod 1 May, 1966 - 17 August, 1966, t h e  d a t a  coverage f o r  

P ioneer  V I  is  incomplete,  due t o  t r ack ing  l i m i t a t i o n s .  I n  F igure  2 a r e  p l o t t e d  t h e  

a v a i l a b l e  Pioneer  V I  d a t a  f o r  the  period 5 - 12  J u l y ,  1966, a long wi th  t h e  Deep 

River  neutron monitor d a t a .  

The per iod 5 J u l y  - 20 Ju ly  was extremely d i s tu rbed  i n s o f a r  as  i n t e r p l a n e t a r y  

cond i t ions  were concerned. A l a r g e  number o f  s o l a r  f l a r e s  of importance g r e a t e r  
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t han  2B were observed,  many of  which w i l l  have generated s u f f i c i e n t  cosmic r a d i a t i o n  

t o  be d e t e c t e d  by our ins t rument  (80% of a l l  f l a r e s  of importance 

t o  do s o ) .  

0800 UT on J u l y  9 ,  a t  which t i m e  t h e  cosmic r a y  f l u x  was r a p i d l y  decaying a s  a 

f u n c t i o n  of t ime.  The f a c t  t h a t  a f l a r e  which occurred a t  0022 UT on J u l y  7 

genera ted  s u f f i c i e n t  r e l a t i v i s t i c  cosmic r a y s  t o  be de t ec t ed  by ground based 

neut ron  moni tors ,  sugges ts  t h a t  the  ma jo r i ty  of t h e  cosmic r ays  observed on 

J u l y  9 were r e l e a s e d  by t h i s  f l a r e .  However, t h i s  i d e n t i f i c a t i o n  of  t he  a c t u a l  

f l a r e  r e spons ib l e  f o r  t h e  p a r t i c l e  a c c e l e r a t i o n  i s  of no consequence i n  t h e  

fo l lowing  d i scuss ion .  

2B are observed 

The m a j o r i t y  of our d a t a  dur ing  t h i s  per iod  of t i m e  were obta ined  a f t e r  

A Forbush decrease  was observed a t  t h e  Ear th  commencing a t  about 0000 UT on 

Ju ly  9 ,  minimum i n t e n s i t y  being observed a t  about 1500 UT on t h e  same day. 

t h e  per iod  1200 - 1600 UT on Ju ly  9 ,  t h e  s o l a r  cosmic r a y  f luxes  observed a t  

Pioneer  V I  were b i - d i r e c t i o n a l ,  a s  i s  shown i n  Figure  3 ;  t h a t  i s ,  t h e  cosmic r a y  

f l u x  was showing a maximum from two d i r e c t i o n s  d i f f e r i n g  by approximately 180'. 

We have shown t h a t  such b i - d i r e c t i o n a l  f l u x e s  are inva r i ab ly  a s soc ia t ed  wi th  the  

minimum i n t e n s i t y  phase of a Forbush decrease  (Rao, McCracken and Bukata, 1 9 6 7 ) ,  

and t h e r e f o r e  conclude t h a t  a Forbush decrease  occurred a t  Pioneer V I  p r i o r  t o  

0800 UT on J u l y  9 ,  and t h a t  the  minimum i n t e n s i t y  phase occurred i n  the  v i c i n i t y  

of 1200 - 1600 UT. This  impl ies  t h a t  t h e  Forbush decrease  a t  Pioneer  V I  occurred 

s imultaneously,  o r  e a r l i e r  than a t  the e a r t h .  This i s  c o n s i s t e n t  wi th  t h e  

assumption t h a t  a )  t h e  Forbush decrease was due t o  a shock wave o r i g i n a t i n g  i n  

t h e  f l a r e  which occurred 45' w e s t  of t h e  c e n t r a l  s o l a r  meridian (as  seen from t h e  

e a r t h )  a t  0022 UT on J u l y  7 ;  b )  t h a t  t h e  shock wave expanded r a d i a l l y  outwards 

a t  approximately t h e  same v e l o c i t y  (i 20%) over  a t  least  45' of  s o l a r  longi tude .  

During 

Figure  4 demonstrates  t he  manner i n  which t h e  cosmic r a y  an i so t ropy  v a r i e s  

throughout  t he  per iod  of  in te res t .  

diagram, each v e c t o r  be ing  of a length p ropor t iona l  t o  the  amplitude of  t h e  an iso-  

t r o p y ,  and be ing  i n  t h e  " d i r e c t i o n  of flow" of t h e  cosmic r ays .  

This diagram i s  e s s e n t i a l l y  a v e c t o r  a d d i t i o n  

The f i g u r e  shows 
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a l l  of t h e  phenomenological changes i n  t h e  s t a t e  of  t h e  a n i s o t r o p y  which a r e  

t y p i c a l l y  a s s o c i a t e d  wi th  s o l a r  f l a r e  and Forbush decrease  events (McCracken, 

Rao and Bukata, 1967; Rao, McCracken and Bukata, 1967).  Thus t h e  an iso t ropy  i s  

of  t h e  non-equilibrium v a r i e t y  a t  e a r l y  t imes; i t  becomes b i - d i r e c t i o n a l  soon 

a f t e r  t h e  onse t  of tile Forbush  decrease;  and i s  of t h e  "equi l ibr ium aniso t ropy"  

v a r i e t y  a t  l a t e  t imes.  Tliis time sequence i s  very  t y p i c a l ,  and i n  F igure  5 ,  we 

p r e s e n t  a s i m i l a r  sequence of events  ( f l a r e ,  Forbush decrease ,  e t c . )  observed 

i n  September 1 9 6 6 ,  f o r  which g r e a t e r  c o n t i n u i t y  of d a t a  a c q u i s i t i o n  was achieved.  

This  l a t t e r  event  s e r v e s  a s  a u s e f u l  guide i n  i n t e r p r e t i n g  t h e  phenomena observed 

dur ing  t h e  J u l y  events  . 

The Non Equi l ibr ium Anisotropy, J u l y  5 ,  1967 

Figure  4 shows t h a t  on July 5 the maximum cosmic r a y  f l u x  a r r i v e d  a t  t h e  

0 s p a c e c r a f t  from a d i r e c t i o n  approximately 4 5  w e s t  of t he  spacecraf t -sun l i n e .  

This  o b s e r v a t i o n  i s  c o n s i s t e n t  wi th  t h e  hypothesis  t h a t  t h e  cosmic r a y s  were 

s t reaming along t h e  l i n e s  of  f o r c e  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d  ( t h e  

t y p i c a l  "garden hose" angle  being 45' w e s t ) .  

i n i t i a l  s t a g e s  of  a f l a r e  e f f e c t  (See F igure  5 ,  t h e  commencement o f  t h e  cosmic r a y  

enhancement being a t  0300 UT on September Z l ) ,  i n  t h a t  t h e  d i r e c t i o n  of maximum 

cosmic r a y  f l u x  i s  always al igned w i t h  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  v e c t o r  

( p a r a l l e l ,  o r  a n t i p a r a l l e l ) .  This  s i t u a t i o n  i s  i n d i c a t i v e  of a non-homogeneous 

d i s t r i b u t i o n  of cosmic r a d i a t i o n  throughout t h e  s o l a r  system, t h e  cosmic r a d i a t i o n  

flowing along t h e  magnetic l i n e s  of  force i n  o r d e r  t o  e l i m i n a t e  these  inhomogeneities 

It h a s  been shown (McCracken, Rao and Ness, 1967) t h a t  t h e  cosmic r a y  an iso t ropy  

d i r e c t i o n  i s  very  s t r o n g l y  c o r r e l a t e d  w i t h  t h e  magnetic f i e l d  d i r e c t i o n  dur ing  

t h e  non-equilibrium aniso t ropy  phase o f  a cosmic r a y  f l a r e  e f f e c t .  

This  behaviour i s  t y p i c a l  of  t h e  

The Equi l ibr ium Anisotropy 

Figure 4 shows t h a t  on J u l y  10 and 11, t h e  cosmic r a y  an iso t ropy  was such 

t h a t  t h e  maximum f l ~ x  was  always from t h e  genera l  d i r e c t i o n  o f  t h e  sun. A s i m i l a r  
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behaviour i s  ev iden t  i n  F igu re  5 a f t e r  0500 UT on 25 September, and we fid t h a t  

a n i s o t r o p i e s  such a s  t h e s e ,  e x h i b i t i n g  time i n v a r i a n t  ampl i tudes  and phases ,  a r e  

commonly observed a t  l a t e  t imes during a s o l a r  f l a r e  e f f e c t .  This s p e c i e s  of 

a n i s o t r o p y  i s  normally a s s o c i a t e d  w i t h  t h e  decay phase of  t h e  f l a r e  e f f e c t ,  when 

t h e  cosmic r a y  f l u x  i s  monotonically decreas ing  wi th  t ime. It has  been suggested 

(McCracken, Rao and Bukata, 1967) t h a t  t h e  equ i l ib r ium an i so t ropy  i s  an  i n d i c a t o r  

of t h e  cosmic r a d i a t i o n  be ing  i n  d i f f u s i v e  equ i l ib r ium i n  t h e  p o r t i o n  o f  t h e  

s o l a r  system a c c e s s i b l e  (magnetically) t o  t h e  s p a c e c r a f t .  

The mechanism advanced t o  expla in  t h e  equ i l ib r ium an i so t ropy  (Rao, McCracken 

and Bukata, 1967) i s  t h a t  t h e  cosmic r a d i a t i o n  i s  e s s e n t i a l l y  uniformly d i s t r i -  

buted throughout t he  s o l a r  system, and t h a t  i t  i s  be ing  swept r a d i a l l y  outwards 

by t h e  s o l a r  wind. The cosmic r a y  popula t ion  i s  t h e r e f o r e  moving wi th  a bulk 

v e l o c i t y  of Vp ( the  plasma v e l o c i t y ) ,  and consequently an observer  i n  a s t a t i o n a r y  

frame o f  r e f e r e n c e  w i l l  see  an  an iso t ropy  of amplitude (3 + 
Get t ing ,  1938), where V i s  cosmic ray p a r t i c l e  v e l o c i t y ,  and i s  t h e  exponent of 

t h e  d i f f e r e n t i a l  energy spectrum which v a r i e s  a s  E- B. 
and 45 - 90 MeV Pioneer V I  d a t a  f o r  J u l y  11 i n d i c a t e s  a spectrum va ry ing  a s  

and t h i s ,  a long  wi th  t h e  mean va lue  of 18% f o r  t h e  an i so t ropy  on J u l y  11, i n d i c a t e s  

a s o l a r  wind v e l o c i t y  of-1100 h / s e c .  

) Vp/V (Cornpton and P 

Comparison of t h e  7 . 5  - 45 MeV 

Conclusions 

W e  conclude t h a t  t h e  cosmic r a y  f l a r e  e f f e c t s  observed du r ing  5 J u l y  - 
15 J u l y  were completely t y p i c a l  of o ther  s o l a r  f l a r e  e f f e c t s  observed du r ing  

1965 - 1966 by t h e  Pioneer V I  and V I 1  s p a c e c r a f t s .  In  p a r t i c u l a r ,  t h e  per iod  i n  

ques t ion  exh ib i t ed  non-equilibrium ( f i e l d  a l igned)  a n i s o t r o p i e s  a t  e a r l y  t imes,  

followed by b i - d i r e c t i o n a l  an i so t rop ie s  dur ing  t h e  minimum of the  Forbush decrease  

on J u l y  9 t h ,  and equi l ibr ium (convective removal) a n i s o t r o p i e s  t h e r e a f t e r .  The 

cosmic r a y  an i so t ropy  d a t a  i n d i c a t e  t h a t  t h e  i n t e r p l a n e t a r y  magnetic f i e l d  was of 

t h e  t y p i c a l  "Archimedes S p i r a l ' '  con f igu ra t ion  on J u l y  5 ,  and t h a t  t h e  s o l a r  wind 

v e l o c i t y  was approximately 1100 km/sec on July 11. The approximately simultaneous 
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o n s e t  of a l a r g e  Forbush decrease  a t  t h e  s p a c e c r a f t ,  and e a r t h ,  on J u l y  9 

i n d i c a t e s  approximate e q u a l i t y  of  t he  plasma d i s t u r b a n c e  propagat ion v e l o c i t y  

over  a range of about 45' i n  s o l a r  longi tude.  
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Figure  1 

Figure  2 

F igure  3 

Figure  4 

Figure  5 

The range of d i r e c t i o n s  swep t  ou t  by t h e  a x i s  of 

symmetry of t he  P ioneer  cosmic r ay  an i so t ropy  

d e t e c t o r  f o r  each quadrant i s  i n d i c a t e d ,  a long  with 

the  mean d i r e c t i o n  of viewing of each quadrant ( t he  

heavy arrows).  This  diagram i s  a s  seen f r u n  the  

North e c l i p t i c  p o l e .  The shaded s e c t o r s  a r e  t h e  

d i r e c t i o n s  swept ou t  i n  the  Enhanced Dynamic Range 

mode of ope ra t ion .  

The time p r o f i l e  o f  t he  cosmic r ay  i n t e n s i t y  of energy 

g r e a t e r  than  7 . 5  Mev dur ing  t h e  per iod  5 - 1 2  J u l y ,  1966 

i s  p l o t t e d  along wi th  the  hour ly  count ing  r a t e  a s  

observed by the Deep River  neut ron  monitor.  

f e a t u r e s  observed i n  t h e  s o l a r  f l a r e  a r e  ind ica t ed  i n  

t h e  diagram. 

Anisotropy snapshots of t h e  cosmic ray  f l u x  dur ing  the  

t r a n s i t i o n  from u n i d i r e c t i o n a l  an iso t ropy  t o  b i d i r e c t i o n a l  

an i so t ropy  a t  t h e  time of t h e  minimum i n t e n s i t y  phase of 

t he  Forbush decrease .  The subsequent conversion t o  

u n i d i r e c t i o n a l  an i so t ropy  i s  a l s o  shown. 

The amplitude and azimuth of t h e  cosmic r ay  an i so t ropy  

(7.5 - 45 MeV) p l o t t e d  a s  a v e c t o r  a d d i t i o n  diagram f o r  

t h e  period 5 - 1 2  J u l y ,  1966. Notice t h e  long p e r s i s t e n t  

an i so t ropy  of mean amplitude @18.0% which commenced a t  

0900 UT on Ju ly  I\ , 1966. 

The an iso t ropy  v e c t o r  diagram f o r  t h e  period September 2 1  - 
September 25, 1966. The t y p i c a l  two s t e p  p r o f i l e  of t h e  

Forbush decrease ind ica t ed  i n  t h e  diagram i s  d iscussed  

elsewhere (Rao, McCracken and Bukata, 1967) .  

The t y p i c a l  
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